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What is known about this topic:
Gas is commonly given via nasal cannulae to preterm infants at flow rates < 1L/min to prevent desaturation.
Infants may be given 100% oxygen; or lower oxygen concentrations may be given using an air/oxygen blender.
Opinions differ as to the relative contribution of the gas flow itself and the supplemental oxygen in reducing the frequency and/or severity of desaturation.
What this study adds:
At a flow rate of 0.1 L/min, air is no better than sham treatment at preventing desaturation, while 100% oxygen is superior to both .
This suggests that flow of gas is not important in the treatment of desaturation at this flow rate.
ABSTRACT
Objective nasal cannulae in preventing desaturation (falls in oxygen saturation [SpO 2 ]) in preterm infants.
Study Design
Infants born at < 33 weeks gestation receiving gas at flow rates < 1L/min via nasal cannulae were eligible for inclusion. Enrolled infants received 3 treatments -0.1L/min 100% oxygen, 0.1L/min air, (21% oxygen) and sham (tubing disconnected from flow meter) -via nasal cannulae, each for 3 hours. Treatments were given in a randomly assigned order and caregivers were masked to treatment. Infants were monitored with a pulse oximeter that recorded SpO 2 and heart rate every 2 seconds. A treatment was stopped before 3 hours if infants reached pre-specified failure criteria. We compared the rates of failure and the frequency and duration of desaturation episodes that occurred during each treatment.
Results
Of 14 infants enrolled, 2 (14%) reached failure criteria during treatment with oxygen compared to 7 (50%) during treatment with both air and sham. Among infants who completed the 3-hour study periods, there were fewer episodes and shorter duration of desaturation with oxygen compared to both air and sham.
INTRODUCTION
Gas is commonly given to spontaneously breathing preterm infants at low rates of flow (<1L/min) via nasal cannulae in an attempt to prevent falls in their oxygen saturation (SpO 2 ), or desaturation. [1] The use of nasal cannulae to deliver oxygen (O 2 ) was first proposed over 20 years ago, [2] yet it remains poorly studied. Infants may be given 100% O 2 ; or, alternatively, lower O 2 concentrations may be given at low flow rates by using an air/O 2 blender in the circuit. A number of studies have calculated the effective fraction of inspired O 2 (FiO 2 ) for infants on low-flow blended air and O 2 based on the infant's minute ventilation, the gas flow rate, and the percentage of O 2 in the blended gas. [3, 4] In a study of 187 preterm infants on low-flow nasal cannulae gas, the success of weaning to air during a challenge was associated with the effective FiO 2 prior to the challenge. [5] In this study 27.8% of infants were receiving a calculated effective FiO 2 of less than 0.23. [5] Opinions differ as to the relative contribution of the gas flow itself and the supplemental O 2 in reducing the frequency and/or severity of falls in SpO 2 . We wished to compare the effect of low-flow air to that of 100% O 2 in preventing episodes of desaturation. Thus, we determined whether the use of low-flow 100% O 2 compared to low-flow air (21% O 2 ), and to sham treatment, resulted in fewer falls in SpO 2 in caffeine-treated infants born at < 33 weeks gestation who were receiving supplemental oxygen through nasal cannulae for SpO 2 < 90% in air.
METHODS
We performed this randomised crossover study at The National Maternity Hospital, Dublin mixture determined with a blender was given at a relatively higher flow rate at the discretion of the treating clinician. At our hospital, gas given a < 1L/min is neither heated nor humidified, high-flow (i.e. > 1L/min) nasal cannulae O 2 is not routinely used and premature infants receive caffeine until 34 weeks corrected gestational age. Infants were eligible for the study if they were born at < 33 weeks gestation, were considered clinically stable off NCPAP for > 48 hours by the treating clinicians, and were receiving gas by nasal cannulae at a flow rate of < 1L/min. Infants were excluded if they had a major congenital anomaly, or had ongoing apnea, bradycardia, haemodynamic instability, or other illnesses that could cause desaturation. Written consent was obtained from parents by a member of the research team to enrol their infants into the study. We chose the flow rate of 0.1L/min as it is commonly used in our unit. Infants were randomly assigned to receive these treatments in the order O -S -A or A -S -O using a random number table. One member of the research team made all adjustments to the flow meter and blender and securely fastened an opaque cover over them in order to mask the treatment the infant was receiving from caregivers ( Figure 1 ). All other aspects of the infant's treatment were unaffected.
All infants were monitored with a pulse oximeter (Masimo Radical 7, Masimo Corporation, Irvine CA, USA) with the sensor (LNOP Neo-L) placed on the hand or foot. The site of the sensor was not changed for the 9 hours of the study. The oximeter was set to record data (SpO 2 and heart rate, HR) every 2 seconds with maximal sensitivity. The following alarm limits were set on the pulse oximeter for each infant and were not changed during the study: SpO 2 -no upper alarm limit, lower alarm limit 85%; HR -upper alarm limit 180bpm, lower alarm limit 100bpm. Enrolled infants were monitored with this pulse oximeter only for the duration of the study.
Our primary outcome was treatment failure. Enrolled infants were deemed to have failed a treatment if they fulfilled any of the following 4 criteria within the 3 hour treatment period:
1. 6 episodes of desaturation reported by the caregivers 2. 4 episodes of desaturation for which the infant was stimulated by caregivers 3. 2 episodes of desaturation for which the infant was given supplemental "free-flow" 
RESULTS
We enrolled 14 preterm infants, 11 (79 %) of whom were male and 13 (93%) of whom had received a complete course of antenatal steroids prior to delivery (Table 1) . The median (IQR) gestational age at birth of the infants was 28 (27,29) weeks and they participated in the study at a median (IQR) postmenstrual age of 33 (31,33) weeks. Prior to being weaned to nasal cannulae gas, all infants received respiratory support (13 with mechanical ventilation and NCPAP, 1 with NCPAP alone). The median (IQR) duration of nasal cannulae oxygen therapy prior to the study was 4 (2, 4) days. Prior to the study 9 infants were on 100% oxygen and 5 infants were on blended oxygen at flow rates of between 0.05
Two (14%) infants reached failure criteria during O 2 treatment compared to 7 (50%) infants during both air treatment and sham treatment. The 2 infants who failed the O 2 treatment also failed both the air and sham treatments. Both of these infants were on higer flow rates and effective FiO2 before starting the study (SPECIFY WHAT THEY WERE ON IF YOU KNOW).
All 7 infants who failed the air treatment also failed the sham treatment (Table 2) . (Table 3) . Similarly there were fewer episodes of desaturation and shorter duration spent with SpO 2 <85% and < 90%. There were no statistically significant differences between the air and sham treatments in the number of episodes of and duration of desaturation below 80%, 85% or 90%. Infants had SpO 2 > 95% for longer when treated with O 2 compared to air and sham treatment. Episodes of bradycardia, and nurse reported desaturations were few, and did not differ between the treatment periods.
DISCUSSION
Oxygen is commonly given to preterm infants via nasal cannulae rather than by incubator or headbox as it facilitates parent interaction, nursing care, and feeding. However, it is a largely unstudied treatment, and weaning practices and delivery methods vary widely.
While studies have demonstrated that in preterm infants nasal cannulae delivering gas at flow rates of 1.0 -2.5 L/min can deliver continuous positive airway pressure, [6, 7] the use of gas flow at rates of <1 L/min in an attempt to reduce episodes of apnoea or desaturation has not been studied.
Our study has limitations and only applies to the studied population. The effect of the flow rate may be dependent on its magnitude and we thus do not know if our findings apply at rates > 0.1L/min. We studied a small number of infants; however, as this was a crossover study, each infant acted as his/her own control, thereby increasing the power of the study.
Also, the masked nature of the intervention and the objective outcome assessment by the pulse oximeter reduced the potential for bias and confounders to affect the results. This is highlighted by the low number of nurse reported desaturations, when compared to desaturations as recorded by the pulse oximeter. Most desaturations recorded by the oximeter were brief and resolved spontaneously; it is likely that they were felt not to be clinically significant and were thus not recorded by nursing staff.
It is possible that the sham treatment we used in this study -nasal cannulae disconnected from any flow of gas -could cause a degree of nasal obstruction, and may therefore be worse than no treatment. While we do not use this intervention in clinical practice we felt it necessary to use it in this study to maintain blinding of the caregivers while providing a "washout" period between the air and O 2 treatments. We find it interesting that low-flow air was no better than this sham.
Hyperoxia has adverse effects in preterm infants; consequently, we target SpO 2 ranges with an upper limit of 95% when giving supplemental O 2 to preterm infants in clinical practice.
We did not use this limit in this study as we thought it was important to maintain a constant flow of gas for the duration of the study and considered the concentration of O 2 used relatively low (the effective FiO 2 generated with 0. likely that infants will be exposed to more frequent episodes, and a longer duration, of desaturation attempting to avoid the harmful effects of hyperoxia. The adverse effects of brief episodes of desaturation are debated but the recently published studies would suggest prolonged exposure to low SpO 2 is harmful. [8, 9] Our study demonstrates that the flow of gas is not important in preventing desaturation at 0.1 L/min and that the oxygen is the major factor in preventing desaturation. It is reasonable, then, to surmise that weaning 100% oxygen to a minimal flow rate (e.g.
0.05L/min, equivalent to an effective FiO2 of 0.23 -0.24 in a 1.5kg baby), rather than maintaining a higher flow rate and weaning the oxygen concentration, may be the more oxygen saturations are used.
CONCLUSIONS
Our study demonstrates that in preterm neonates receiving supplemental oxygen for low SpO2, air given at 0.1 L/min via nasal cannulae is no better than sham treatment in preventing and limiting the duration of desaturation, while 0.1L/min 100% O2 is superior to both. This demonstrates that at a flow rate of 0.1 L/min, the flow of gas is not important in the treatment of desaturation in this population of preterm infants. Infants had SpO 2 > 95%
for large proportion of the time they were treated with 0.1 L/min 100% O2, illustrating the importance of an upper target SpO 2 even with low-flow oxygen.
